Introduction {#S0001}
============

Globally, total cases of CRC rank the fourth in all types of malignancies.[@CIT0001] CRC is a fatal malignant tumor.[@CIT0002] The etiology and pathogenesis of CRC are complex, involving genetic variations and intestinal flora disorder.[@CIT0003],[@CIT0004] It is generally considered that unhealthy lifestyle is closely linked to the occurrence of CRC. For instance, high-fat diet would enhance the susceptibility to CRC.[@CIT0005] Development of CRC-associated hallmarks contributes to effective prevention of CRC.

RNF6 is RING domain E3 ubiquitin ligase belonging to RNF family.[@CIT0006] RNF6 locates on the chromosome 13q12.13, which is often overexpressed in CRC tissues.[@CIT0007] Initially, RNF6 was considered as a tumor-suppressor gene.[@CIT0008] Later, RNF6 is found to accelerate the progression of prostate cancer through abnormal ubiquitination of androgen receptor.[@CIT0009] In CRC cells, overexpression of RNF6 accelerates proliferative ability and suppresses apoptosis of tumor cells through ubiquitinating TLE3 to activate β-catenin.[@CIT0006] RNF6 can promote the metastasis of liver cancer cells through ubiquitination of FoxA1.[@CIT0010] As a result, RNF6 is now believed as an oncogene.

This paper aims to uncover the potential of RNF6 to predict the prognosis and metastasis of CRC by analyzing clinical outcomes OS and RFS. Since E-cadherin is an adhesion molecule associated with tumor metastasis, the underlying correlation between RNF6 and E-cadherin was examined as well.

Methods {#S0002}
=======

CRC Patients {#S0002-S2001}
------------

A total of 247 CRC patients undergoing surgery in our hospital from 2005 to 2010 were enrolled. Patients who received pre-operative treatments were excluded. Primary CRC was confirmed by two pathologists independently. TNM staging was assessed as previously reported.[@CIT0011] CRC tissues and paired adjacent normal tissues were collect for further analysis. This study was approved by the ethic committee of West China Hospital, Sichuan University. All patients provided written informed consent. This study was conducted in accordance with the Declaration of Helsinki.

Immunohistochemistry (IHC) {#S0002-S2002}
--------------------------

CRC and adjacent normal tissues were immersed in 4% polyformaldehyde for 24 h. Paraffin-embedded tissues were treated with xylene, gradient concentrations of alcohol (100--70%) and reacted with antigen repair solution in a pressure cooker for 2 min. Subsequently, tissues were treated with 3% H~2~O~2~ for 20 min, 5% bovine serum albumin (BSA) for 10 min and incubated with anti-RNF6 (ab204506) and anti-E-cadherin (ab1416). On the other day, sections were dyed with diaminobenzidine (DAB), counterstained with haematoxylin and dehydrated in alcohol (100--70%). After xylene treatment, sections were sealed and observed.

RNA Extraction and Real-Time Polymerase Chain Reaction (RT-PCR) {#S0002-S2003}
---------------------------------------------------------------

Total RNA was extracted from frozen tissues using TRIzol (Invitrogen). After quantification by Nanodrop, 1ug of total RNA was applied for reverse transcription using High Capacity cDNA Reverse Transcriptase kit (Applied Biosystems) according to the instructions.RT‐PCR Detection Kit (Ambion) was used for RT-PCR according to the instructed protocol. Standard plasmids of RNF6 and GAPDH were made to calculate the absolute value of each gene and RNF6 expression is the ratio between RNF6 and GAPDH (RNF6 absolute value/GAPDH absolute value).

Statistical Analysis {#S0002-S2004}
--------------------

SPSS 21.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The correlation between RNF6 and clinicopathologic parameters in CRC patients was analyzed by the Student's *t*-test. Correlation between levels of RNF6 and E-cadherin was assessed by the Pearson correlation coefficient. To evaluate the statistical significance of RFS and OS, Kaplan-Meier method was introduced. Multivariate analysis with Cox regression analysis were applied for assessing potential factors influencing prognosis in CRC patients. Log-rank test was applied to evaluate the statistical correlation between the differences in survival distribution. *P*\<0.05 considered statistically significant.

Results {#S0003}
=======

Association between RNF6 mRNA expression and clinicopathologic characteristics in 247 CRC patients were analyzed and it showed that RNF6 was significantly up-regulated in CRC tissues compared to adjacent normal tissues ([Figure 1A](#F0001){ref-type="fig"}). IHC staining of the 247 paired tissues also confirmed higher positive expression of RNF6 in CRC tissues ([Figure 1B](#F0001){ref-type="fig"}). Based on the mRNA expression of RNF6, we set the mean value as the cut-off value, which defined high expression if the value is larger or equal than mean value or low expression if the value is lower than mean value. In 247 cases of CRC tissues, 127 CRC patients (51.4%) were enrolled in high-level group and 120 (48.6%) were in low-level group. Baseline characteristics of these CRC patients are listed in [Table 1](#T0001){ref-type="table"}. The average age at the surgery was 64.7 years (32--91 years), and the male-female ratio was 140:107. The average tumor size was 5.5 cm (1.1--13.4 cm).Table 1Correlation Between RNF6 Expression and Clinical Characteristics in CRC PatientsCharacteristics Total (n=247)RNF6 ExpressionP valueAge0.544 ≥65 (n=121)0.227 \<65 (n=126)0.252Gender0.622 Male (n=140)0.264 Female (n=107)0.213Location0.771 Colon (n=136)0.244 Rectum (n=111)0.236Tumor Size (diameter)0.801 ≥5cm (n=100)0.275 \<5cm (n=147)0.221Grade0.239 Low (n=133)0.219 High (n=114)0.264LV Invasion0.006 Yes (n=98)0.394 No (n=149)0.042Tumor Border0.634 Pushing (n=110)0.239 Infiltrating (n=137)0.243Invasion Depth0.001 pT1+pT2 (n=140)0.063 pT3+pT4 (n=107)0.304Metastasis\<0.001 Yes (n=99)0.359 No (n=148)0.034TNM Stage\<0.001 I+II (n=135)0.031 III+IV (n=112)0.392 Figure 1Association between RNF6 expression and clinicopathologic characteristics in CRC patients. (**A**) The mRNA levels of RNF6 in CRC tissues and adjacent normal ones. (**B**) IHC staining revealed positive expression of RNF6 in CRC tissues and adjacent normal ones (n=247) (magnification: 400×).

Subsequently, correlation between RNF6 level and clinicopathologic characteristics in CRC patients was determined. The data uncovered that LV (*P*=0.006), deep invasion depth (*P*=0.001), metastasis (*P*\<0.001) and advanced TNM staging (*P*\<0.001) were closely linked to high-level RNF6 in CRC patients.

RNF6 Was Reversely Correlated with E-Cadherin {#S0003-S2001}
---------------------------------------------

E-cadherin is a protein closely related to tumor cell invasion and metastasis.[@CIT0012] To further confirm the relationship between RNF6 and tumor metastasis, potential correlation between expression levels of RNF6 and E-cadherin was investigated. By comparing the mRNA expression of RNF6 and E-cadherin of the 247 patients, we found a negative correlation between RNF6 and E-cadherin (r=−0.8116, *P*\<0.001) ([Figure 2](#F0002){ref-type="fig"}). It is indicated that RNF6 is closely related to tumor metastasis.Figure 2Correlation between RNF6 and E-cadherin analyzed by the Pearson's Chi-square test.

RNF6 Expression Was Correlated with RFS and OS {#S0003-S2002}
----------------------------------------------

Subsequently, correlation between RNF6 level with RFS and OS in CRC patients was analyzed. Tumor recurrence during follow-up days occurred in 72 patients (29.1%). A total of 108 patients (43.7%) died during follow-up days, and 8 of them (3.2%) died of unknown reasons. There were 10 patients (4.0%) survived from CRC recurrence or metastasis. Besides, 129 patients (52.2%) survived during follow-up days without recurrence or metastasis. Kaplan-Meier analysis was applied to analyze the correlation between RNF6 and RFS and OS. Based on the categorized high and low RNF6 expression mentioned above, Kaplan-Meier curves revealed a close relationship between RNF6 level and RFS in CRC patients (*P*\<0.001) ([Figure 3A](#F0003){ref-type="fig"}). Upregulation of RNF6 level in CRC markedly lowered RFS. The average RFS in high-level and low-level RNF6 groups was 52.8 months (95% CI=23.8--92.6) and 162.4 months (95% CI=68.5--187.4), respectively.Figure 3Correlation between RNF6 level with RFS (**A**) and OS (**B**).

In addition, RNF6 was linked to OS in CRC patients as well. Higher level of RNF6 predicted shorter OS (*P*\<0.001) ([Figure 3B](#F0003){ref-type="fig"}). The average OS in high-level and low-level RNF6 groups was 64.5 months (95% CI=43.1--101.3) and 145.8 months (95% CI=89.4--193.2), respectively.

Multivariate cox regression analysis was conducted for identifying relevant factors influencing RFS and OS in CRC patients. It is found that RNF6 was an independent prognostic factor significantly associated with RFS and OS. The relative risk (RR) of tumor recurrence and OS for CRC patients with high RNF6 expression was 5.718 (2.349--10.133) and 3.448 (1.991--6.328), respectively. Other influencing factors were discovered as well, including invasive depth (*P*=0.015), metastasis (*P*\<0.001) and TNM staging (*P*\<0.001) ([Table 2](#T0002){ref-type="table"}).Table 2Multivariate Cox Regression Analysis on Factors Influencing Prognosis in CRC PatientsRFS Relative Risk (95% CI)P valueOS Relative Risk (95% CI)P valueRNF6 Expression\<0.001\<0.001 Low (n=120)11 High (n=127)5.781(2.349--10.133)3.448(1.991--6.328)LV Invasion0.2260.391 No (n=149)11 Yes (n=98)1.119(0.791--2.018)1.047(0.881--1.878)Invasion Depth0.0150.028 pT1+pT2(n=140)11 pT3+pT4(n=140)2.443(1.681--4.571)1.991(1.587--4.239)Metastasis\<0.001\<0.001 No(n=148)11 Yes(n=99)4.724(2.993--10.682)3.802(2.483--8.829)TNM Stage\<0.001\<0.001 I+II(n=135)11 III+IV(n=112)8.339(3.215--14.320)7.828(3.991--12.290)

Metastasis Is Responsible for the Death in RNF6 High Expressed Patients {#S0003-S2003}
-----------------------------------------------------------------------

To investigate whether tumor cell metastasis is responsible for the death of CRC patients with high RNF6 expression, we divided the 127 CRC patients with high-level RNF6 into two groups: patients with metastasis (84, 66.1%) and patients without metastases (43,33.9%). Kaplan-Meier curves unveiled a higher mortality in metastatic patients relative to those non-metastatic ones (p\<0.001) ([Figure 4](#F0004){ref-type="fig"}). It is suggested that tumor cell metastasis is responsible for RNF6-induced OS worsen in CRC patients.Figure 4OS analysis in CRC patients with high-level RNF6.

Discussion {#S0004}
==========

Studies have shown that RNF6 amplification occurs in the early stage of tumor development and continues until the late stage. Moreover, diagnosis of RNF6 amplification in the early stage of tumor markedly elevates recurrent risks.[@CIT0006] However, the potential of RNF6 to be a clinical indicator for predicting the prognosis and metastasis of CRC remains to be explored. In this paper, 247 CRC patients undergoing surgery in our hospital from 2005 to 2010 were enrolled. It is well known that tumorigenesis is accompanied by a series of activated oncogenes and inactivated tumor-suppressor genes. Although RNF6 was initially considered to be a tumor-suppressor gene, later researches have uncovered its carcinogenic effect. RNF6 overexpression is able to accelerate CRC cells to proliferate and inhibits apoptosis.[@CIT0006],[@CIT0008],[@CIT0009] Our findings demonstrated that both mRNA and protein levels of RNF6 were upregulated in CRC tissues, suggesting its oncogenic effect.

About 90% of tumor-related death is resulted from tumor cell metastasis.[@CIT0013] In vitro experiments illustrated that overexpression of RNF6 accelerates CRC cells to migrate and invade.[@CIT0006] Moreover, RNF6 stimulates tumor metastasis and progression *via* inducing epithelial-mesenchymal transition (EMT), a reversible process in which epithelial cells are transformed into mesenchymal cells.[@CIT0012] The occurrence of ETM is often accompanied by changes in adhesion molecules between epithelial cells, including downregulation of E-cadherin and Claudin-1, and upregulation of mesenchymal markers SNAI1/2, TWIST1/2, and ZEB1/2. These changes further lead to metastatic phenotype changes in tumor cells.[@CIT0014]--[@CIT0016] Our results revealed a negative correlation between expression levels of RNF6 and E-cadherin. In many epithelial-derived solid tumors, E-cadherin deficiency and acquisition of mesenchymal phenotypes are believed to be linked to poor prognosis and high rate of metastasis.[@CIT0017] Furthermore, RNF6 upregulation was verified to correlate to RFS and OS in CRC patients. Notably, mortality in metastatic CRC patients with high expression of RNF6 was much higher than those of non-metastatic patients, indicating that metastasis is a major reason for CRC mortality.

Conclusion {#S0005}
==========

Therefore, RNF6 was confirmed to be a hallmark predicting the prognosis and metastasis in CRC patients.
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